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Baekgrotiad: Increased cancer rislc among fligh: personnel have pre¬ 
viously been noced, including breast cancer among flight attendans and 
acute myeloid leukemia among pilots. Hyportes^Exposure to cosmic 
radiation and other physical or chemical ageiKs may pose health risks lor 
iUght penonnel. Met&otk; We performed an exhaustive search for pub¬ 
lished and unpublished cohort smdies of flight personnel irom T986-93. 
We combined reiative risks (KR) for seieoed causes jirom four mortaticy 
and/or Incidence studies of pilots and two incidence studies of flight 
anendants. using aandard meia-anaiync methods. Heterogeneity amorsg 
the combined studies wu explored and adjustments were made for 
possible confounding by socioeconomic status (SESt. where indicated, 
using sorreebon factors iVom published studies- Results: 3c5-adjUSted 
combined StRi were elevated (>1.2) among male pilots for monalify 
r.-om melanoma (l.?7 (95% Cl: T.02-3.32)1 and brain carreer (T.J9 
I0.B9-2^0)J, and for cancer incidettce of foe prosaie (' 55 (i.TS- 
’.39)1 and the brain i'-7a C0.37—jJftJil, Among female flight attendants, 
increases were seen for fncldef>« of all cancers [T.29 (0 98-1.70)1, 
meianoma {3.54 {0.33—2.87)1. and breast cancer it .33 (1.00-1.83)[- 
CiixKSkiiiioa): Flight personnel appear to be at increased risk for several 
types of cancer. Both occupational esqxssuies and wel|-esabiished non- 
occupational risk foaors may contribute to this increased risk. To beeer 
control for confounding factors and to identify exposures potentially 
amenable to preventive measures, foiure studies should compare rislo 
within cohors by ilight routes, work history, and exposure to*cosmic 
and Uvr radtalion, electromagnetic fields, and.chemical substances- 
Keywcxdsr aviation, cancer incidence, mortalify, occupation, review. 


F LIOiCr PEKSONNEL, particuLarly tfaos«'-whci Ey 
Icnghaal Sights at high altitudes^ are exposed to 
levels of lowKlose cosmic radiation that are hi^er than 
levels encountered at grotuid level (21,39) and may be 
at greater risk for certain health, outcomes (2234). In 
1990, the International Commission on RadioiogicaJ 
Protection recommended that in-£Si^t natimd back- 
^ound radiation exposure to jet aircrew should be 
specifkillf included as an ocoipational hazard {28). 
Health risks from lowndose exposures to ionizing radi- 
atioti.include cancer (8). According to a model of cancer 
risk, among 1000 cabin crew with 20 yr of flying be- 
tweett Minneapolis and New York, 220 would die from 
a non-occupationai cancer (background rate) while 3 
'ould die from, cancer as a result of occupational ex- 
^>osure to radiation (excess mortality) (21). Besides cos¬ 
mic radiation, flight personnel may also be exposed to 
electromagnetic fields (EM?) from cockpit instruments, 
ultraviolet radiation, cigarette smoke, pesticides, jet fuel 


and other volatile substances emanating from airciait 
construction materials. Few epidemiologic studies of 
flight personnel have been published at present 
(67,25^0 ^2,43/43) and most lack the statistical power 
to identify an increased risk of acute leukemia, the type 
of cancer hypothesized to be most closely associated 
with exposure to ionizing radiation (44). 

The main purposes of the current work are the fol¬ 
lowing; a) to describe cancer risk observed in pilot and 
flight attendant cohort studies; b) to combine available 
estimates of cancer risk in order to increase the preci¬ 
sion of the estimated association between occupation as 
pilot or flight attendant and selected cancer types; c) to 
analyze heterogeneity among combined studies; d) to 
compare the combing results with findings obtained 
from surveiiiance systems of occupational diseases and 
other population-based epidemiologic studies; and e) to 
comment on the available evidence with special regard 
to the desirable characteristics of further epidemiologic 
research. 


We performed a bibliographical search from i9S6*-9g 
for mortality and cancer incidence cohort studies of 
airline pilots and flight attendants. In addition, we so¬ 
licited data from, other flight crew studies not yet pub¬ 
lished at the time of the search. 

In order to evaluate consistency of findings, to ex¬ 
plore reasons for incohucrence between studies, and to 
increase the precision of the relative risk estimates be¬ 
yond that allowed by the of any single study, we 
combined results from individual studies, based on the 
theoretical and statistical approaches used in the meta¬ 
analysis of environmental epidemiologic studies (10). 
For this purpose, we first classified, the selected studies 
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CANCER RISK IN FUGKT PERSONNEL—BaLLAJID 

by outcome, ocotpatioii and scudy desigri, as follows: a) 
nortality and cancer incidence cohort studies of male 
pilots; and b) mortality and cancer inadence cohort 
studies of female Qighk attendants. 

Only cohort sradies of civilian pilots or flight atten¬ 
dants that compared their cancer mortality oc incidence 
rates with those from a. nationai reference population 
were included. Proportional morality studies were ex¬ 
cluded as they do not measure the same effect as 
standardized mortality studies (47). Investigations of 
military pilots were also excluded because tneir occu¬ 
pational experience may be quite different from that of 
civilian pilots. We then combined results from cohort 
studies of dvil aviation flight personnel separately by 
study outcome (mortality or incidence) for cause of 
death and cancer incidence sites showing an excess risk 
in at least one of the individual studies and for which 
there were at least five cases in total among eligible 
studies. We used a Sxed effects model with inverse 
variance weighting of the log nsk ratios to calculate 
combined relative risks (RRc) (27). Heterogeneity among 
studies was checked by-the test for heterogeneity. 
The DeiSimoruan and Laird method foe random effects 
analysis was used to adjust for heterogeneity (defined 
as having a p-vaiue ^ 02^ among combined studies (16), 

For cancer sites with a known positive association 
with socioeconomic status (SES) (36^,52), adjustments of 
the RRc were made using axtemal estimates of con- 
'o-urxding, as described by Greenland (27). We esti¬ 
mated the degree of confounding by SES in the follow¬ 
ing way. We considered fliahc personnel to belong to 
toe highest social class. U^.g a pubiicariort of toe In- 
temational Agency for Research on Cancer (lAJRC) on 
sodoeconomic differences in cancer incidence and mor¬ 
tality, we obtained the correction factor for SES con¬ 
founding by taking an average of the listed RRs for 
sodal class I by cancer type (ie., the ratio of cancer 
inddervx/mocl^ty rates of that soda! class to toe rates 
of toe standard population) derived from studies con¬ 
ducted in developed countries. The RRc and confidence 
limits of toe SES-assodated tumors in our analysis were 
then divided by the obtained correction factor for can¬ 
cers of the colon, prostate, brain, and inalignaat mela¬ 
noma. This adjustment was made on toe fixed effects 
combined relative risk (RRc) when heterogeneity was 
not present, and on the random effects estimate other¬ 
wise. 

For all causes and cancer sites we calculated either 
toe attributable ccactian for the exposed population- 
toe pfOpQrtion of exposed cases for whom toe disease is 
attrtoutable to the exposure (Le., occupation)—or the 
prevented feactioh, which is the proportion of the po¬ 
tential cases in toe absence of exposure toat were pre¬ 
vented by exposure (47). For these calculations we used 
Che most adjusted risk ratio (i.e., random affects and/or 
"iES-adjusted) as the base, 

RESULTS 

A Medline search 5 rielded six published civilian flight 
personnel-spedfic_cohort studies (6,7203Z4S.48), one 


ate moraiitv' srudv of nilots taken frerr. a L'.S. occuoa- 
tionai mcrtalitv survafllance system ';40). Ln addition, 
we received data from nvo addltioi.ai flight personnel 
cohort studies in the orocess of publication at the time 
rtVartenberg D. Personal communication, 1998; 31). Ta¬ 
ble lA Lists the 10 identified flight personnel studies and 
describes the study period, study and reference popu¬ 
lations, number of observations, person-years at risk for 
cohort studies, and a designation of inclusion or not 
in toe subsequent meta-analysis. Of the airline pilot 
studies, three were proportional mortality analyses 
(30,40,45), two were cohort studies of only mortality 
(31,32), two were cohort studies of both cancer inci- 
dsnee and mortollty (6,7), and one a cohort study of 
cancer inddence only (25). The latter investigation fol¬ 
lowed UEl- Air Force pilots during active military ser¬ 
vice only, while ail the others studied civtlian pilots at 
least up to age 90. The three PMR studies and the 
military pilot investigation did not meet the inclusion 
criteria for toe ateta-analysis and were excluded. Of the 
nvo flight attendant incidence studies, one was national 
in scope (43) and toe other followed a small group of 
retired' flight attendants from one airline (Wartenberg 
D. Personal communication, 1995). Both were included 
m toe meta-analysis. 

Table II lists relative risks and numbers of observed 
cases for selected major causes of death or cancer inci- 
dence among airline oilots and female flight attendants 
for toe studies mdud^ in the meta-analysis. Results pro¬ 
vided in the original as multiples of 100 (31b4) were 
ditoded by lOO for reporting in Table IL Relattt'e risks tor 
several cancer sites not onginaiiy pubiished were re¬ 
quested from authors but were not always a'vailable. 
Across toe mortality studies of male pilots (Table HA), 
deficits were seen for all causes mortality, ail-sjtes cancer 
mortality, all leukemias, and for ischemic heart and respi¬ 
ratory diseases. Excess mortality (relative risks > 1.2) was 
seen in at Least half of the studi« with af Least one case cor 
mnceis of the colon, prostate and brain, and for malignant 
mdanoma of the skin. There were no observed cases for 
bone or thyroid cancer. All of the. mortality studies found 
a higher risk of death among pilots from airline crashes 
compared to the general population, as might be expected 
given toe hazards of the occupation. Cancer incidence 
relative risks among male pilots (Table EH) showed high 
incidence (RS. > 12.) for melanoma and cancers of the 
prostate and brairu and a dc&dt for lung cancer. Both 
myeloid leukemia and acute mydoid leutemia were sig¬ 
nificantly elevated in the Band 1996 study (7)- Among 
female flight attendants (Table HO both studies showed 
increased risks compared ivito standard populations for 

all-sites cancer, malignant tumors of toe colon and biea^, 
and melanoma. Increased risk for tumos of female peltoc 
reproductive organs and toe thyroid were seen only 
among toe US. retired flight attendants (Wartenberg D. 
Personal communication, 1998) and for bone and lung 
mnear and leukemia only among toe Hnnish flight arten- 
dans (43). 

Tabic in lists the results of combined analyses of 
relative risk estimates for selected causes from four 
tnortalitv and incidence snjdies —■— 
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TABLE L DCCUFATION'AL MORTALZTY A.\D CANCER EN'COtNCZ irLT>Z5 Or 




Study Autitor 

Study- l^escripcior. 

.Vucwr 

?«r?on* * * § Yeais 

A: Risi: 
[Cohorts! 

Zndusion in 
Comb riled 
A."taJy5iS 


Sand et aL, 1990 (S) 

5cau:^tlaidi2ed cancer iraddeno? and 
aJI cnale pilots of Canadlar. ?adBc 

Airlines, Canada^ 1950-1934. Reference 
populafion (rei pep): Sritisti Coiuiubia 
ctales. 

59;‘ 

i8b60 


i 

T 

E 

i 

f 

Salisbury 4f »1,1991 (4S) 

Proportional atortalicy: afl deaths o; crule 
plioo iram British Cgiumbi^ 

1950-19S4. Reference popuianon.- 3rihsh 
Columbia males. 

■I02t 


no 

t 

t 

i 

i 

f 

Irvine and Oavies, 1992 (3C) 

yrppotrtionaL aiortstUky^ all male pilots from 
British Airways, Sritairt 196^1969. 

Reference poptxUtiOEt: male 

deaths—En^Und and Wales. 

4-46T 

LVpCHTed 

no 

f 

s 

1 

Kaji et aL. 1993 (321 

Standardized mortality: all male codtipri 

CTcw members ot Japan Airlines, 1952- 
I9S8- Rerergtce populatiort; Japanese 
males. 


ye* 

f 

5 

1 

Pukkala et aL, 1995 («J) 

Standardized cancer incidence: all airline 

-577-tzo:iaias^ 

2I,574 


1 

Gight attendants, nnnair (?A), rlrland. 
196^-1992. Refewce population: Finnah 

males and females. 

lS7-tnales“ 

2.496 

no 

' 

Band « tL 199$ (7) 

Standardized. dTiotr incider\ce and 
ail oiale pilots of Air Oradi, Canada, 
1950-1992. Reference populaticn: 

Canadian males. 

26g0' 

52,«9 


I 

Gfayson & Lyons. 1996 {25) 

Sondardized cancer Lnadenot Air Force 
flight officen, USA, 1975-’! 989. Refactnee. 
populadoru 5c£R. 

39W0* 

532.9SI 

.“to 

i 

1 

> 

Wanenberg and Staoletcn, 

199S (D 

Star.dardizcd cancer inddence; US. redred 
female FAs pf one airline coetpany. 

Reference popuiation; 5orIL 

2Sr 

vcirepcfted 

\“es 

f 

1 

i 

Irvme and Davies, 1999 (311 

Dfandardized cif'.ort mortality (update or. 

3209»pii«S' 

143306 


1 

Nldwlas « 4. (39) , 

1992 study); sji :naie pilaus and Gi^hr 

engjnecs of British .\irw^ys, Bnairv 
195&-1992, Reference population: mal»— 
HngUhd and Wales. 

Proportionate tnoztnJity analysis: male pilots 

1133-aig.Hi 

en^ineere 

1S33+ 

29.094 

no 

no 

i 

i 


4rui ndvigaioK m 24, UA pistes, 

1984-1991. Rdercxe prouladcm: miles, all 
scCTipaoons. combined from same stao^s. 


* Nra*er of subjeett follow—i- 

f- Number of deaths, 

t Case/cosvtrol totaL 

§ Pslcjt cases. 

1D. Wjrtenbexj 1998, pcwjcval commuiiicatiorc 1998 


We were not able to combine some causes that might 
have relevance to ianizing radiation, such as leukemia 
mortality, leukemia subtypes and multiple myeloma 
due to insufficient numbers of studies to include. Com¬ 
bined. relative risls were calculated for ail-sites cancer, 
sevm specific ranrer sites, ischemic heart disuse and 
respiratory disease. For each combination category, the 
table reports the type and number of studies combined, 
the combined relative risk estimate (RRc) calculated by 
the fixed effect model along with its 95% confidence 
interval, the SES-corrected relative risks (RRc-ses) for 
those cancer sites known to have a positive association 
with sodai economic status, and the attributable risk or 
prevented fraction for the exposed population for ciil 
causes. Corrected relative risks, ibr heterogeneity, 
where relevant, are reported in the text The results of 


Pilots 

We included results from two to foxir individual 
airline pilot studies per subcategory in order to esti' 
mate the combined relative risks for nine causes of 
death or cancer incident sites. Deficits in mortality 
were seen for all cancers, lung cancer, all leukemias, 
ischemic heart disease and respiratory diseases- Ma¬ 
lignant melanoma demonstrated excess mortality and 
incidence with no heterogeneity among studies. Rel¬ 
ative risks were higher for melanoma, mortality than 
for incidence, temaicing after SES correction., with 
49% of mortality and 7-20% of cancer incidence at¬ 
tributable to occupation as pilot. For prostate cancer, 
SES correction, eliininated the excess risk for mortal¬ 
ity but a moderate excess of approximately 65% re- 
mamed for Incidence with 40% of the incident cases 
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TA3LE OA. OCCuTAnDN'AL STUDIES Or FUGoT FHKSONTvcI NCUTED [N ME7A-.\NALrSt; FSJNOPAi. FIN'DiNas 

iMCFT.ALTTr- STUDCS 0- NUUs FX0T3). 


C»\ise ol Death 

.All causes 
Ail-sites cancer 
Esophagus cancer 
Stofflach cancer 
Coion cancer 
Rsctai cancer 
Lung canccx 

Bone cancer 
Nfeianoma 
Prosale cancer 
Tesooiiar cancer 
Bladder cancer 
Brain ameer 
Hndoczirie cancer 
Hc«iglan's Disease 
Nai-Hod^in's lymphoma 
Multiple cnyelocna 
All leukemias 
Myeloid leukemia 
Acute myeloid leukenua' 
Ischemic heart disease 
Cerdm^ascuiar aeddent 
Stespiittory disease 
Girhosis of the liver 
Airaaft acddetits 


Barui e* al.. 


Kail et *1.. 


Bard et d., .995 


Irt'iru. Davies. 


1990 fS) 


1995 (521 


(D SMR (90% 


1999 (51) 


SMR (90*. Gl 

N 

SMR (95% Cl) 

.V 

CD 

M 

SMI? (95% O) 

N 

0.80 (O.60-L00) 

n 


3? 

0-65 (036-3.70) 

119 

0.61 (056».66) 

592 

not ceportsd 

IS 

0.37 (333-125) 


0.51 (0.43-0.76) 

56 

0.54(055-0-74) 

ISO 

0 


y 

036 (0-15-270) 

2 




0 


■9 

0.57 (0.15-1.47) 




not reported 



0 

:.23 (0.57-1.09; 

10 

1.11 (Q.^t.rt) 

iO 

4ss rtuo-nc: 
0.52 ;Q,10-1.40) 

3 


; 

225 (0.12-0.43) 

0 

5 

0,41 (C50-056) 

4-0 


0 


a 


0 

(0-42) 

•j 


c 


a 

1.49 (0.25-4,68) 

2 

353 (152-554) 

9 

f.ot reported 

1 

0 


0 

0 

152{0.7:-2SS) 

0 

1.11 (0.62-1.85) 
(0-2.1) 

15 

0 


0 


’ 


0 


0 

417 a.40-4.3C) 

4 


( 

1.42(036-2.98) 

5 

127(0.66-2.23) 

IT 

0 


n 


0 

(04,5) 

0 

not recorted 

e 


0 

0.99(0.31-550)- 

1 

1.39 (058-357) 

4 

E95 (OiO-loJ) 

2 


I 

Q.62 ,(0-1 >1.75) 

7 

;.00{0.'16-l.?l)t 

9 

0 


a 


0 


c 

not reported 
not repotted 

} 


0 

0- 

' 0.36 (023-L22) 

152 (0.25—i 15) 

3 

2 

051 (0.14-151) 

4 

notJB5»rted 

0.60 (0.4C-1,C0) 

1 

13 

027 (0.06-0.80) 

0 

3 

057 (0.45-0,71) 

56 

059 (052-0.46) 


0.52 (0.10-1.64) 

2 

037 (Q.IO-C.94) 

4 

055 (027'-0.99) 

3 





0 

0.28 (0-11-059) 

5 

0,21 (0,12-054) 

17 

QS9 (ai0-l.?0) 

2 


0 

030 (O.OB-0.77) 

3 

1-46(025-255) 

12 

21.3 (14.6-30.2) 

23 

2 IS (t.53-530) 

25 

26.5 (192-35.9) 

31 

146.9 (111.9-1S95) 

55 


■ Mot repotted in pubiicaaon; peisorval catnmtirucanon '/rith Band, i9B8. 
f Other lymphatic tissue mali^nrmes. 


ooted for brain cancer incid.er.ee H value ~ i -3} ir.c 
mortality (p value = 0.19) among pilot studies- Cor¬ 
recting for this heterogeneity yielded combined rela¬ 
tive risks of 1.74 (0.90—3.35) for mortality and 2.09 
(0.96-434) for incidence, both slightly higher than 
the non-corrected combined relative risks. With fur¬ 
ther correction for SES, the combined nsk ratios re¬ 
mained moderately elevated, with an attributahie 


Hik for occuoatior. as pdot of OH's :or rr.ortauty zp.i 
43% for inadence. 

Flight Att^ndiDits 

Results from two Sight attendant studies were com¬ 
bined foe. ajl-sites canc«, breast cancer and malignant 
melanoma of he ikiru excesses were seen for all sites 


TABLE HB OCCUPATIONAL STUDIES O? -UGHT PESSOMNEL IMCL-UDSD !N META-ANaLYSS PRINCIPAL rMDLMGS 

(CANCER INODcNCE STUDIES OF PILOTS). 


Ouicer Sles 

Bajid at al., 1990 (5) 

SIR (90% CT) S<aie PUots 

N 

Sand « aL, 1996 (7) 

Sm (90% O) Male Pilots 

M 

Aii'-sites 

not reported 

57 

3.71 (0.61-482) 

125 

csopKjjru 


0 

053(024-261) 

“> 

Stomach. 


0 

a.70(Q2»-1.47) 

5 

C^Ldn 

nat teuengd 

I 

057 (051-158) 

13 

Kftctal 

1.94 (0.70-3.00) 

4 

442(0.14-0.96) 


Lun| 

OJl (ai0-L20) 

3 

028 (0.16-0.16) 

U 

“1 

Bone 


a 



MeUnotna 

1,96 (O.SO-5.30) 

3 

152 (476-224) 

8 

Fnxtate 

L54 (0-7(h3-00) 

6 

137 (138-2.49) 

34 

Tesdculu 

1,75 (050-550) 

2 

0.63 (0.11-1.98) 


Bladder 


0 

056(4122132) 

■* 

Brain 

3.45 (120-7.90) 

4 

153 (022-237) 

' 

Endocrine 


0 



Hodgkin's Disease 

434 (120-11.70) 

3 


3 

Non-HodgiAdn's lymphoma 

1.13 (020-3.70) 

2 

052(0.13-1.19) 

4 

S^ultiple myelocxta 


0 


0 

All letikemias 

nut reported 

2 

135 (0.86-238) 

0 

Myeloid leukemia 

not reported 

1 

Z93 (137-550) 

7 

Acute myeloid leukernza 

not rented 

9 

L 

4-72 (2.05-951) 

o 
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CANCER RISK FLIGHT PESSONNEL—BALLARD- ET AL 

table nc ocgjTational stlxhes of fught perscnnh. [n'cloded £^' NirrA-ANVAYSs frtn’cpal jixtin'cs 

(CANCER IN'CIDEN’CS sTVDIES Of fSM.ALE RJGKi ATTHND.ANT5V 


Cancer Sites 

Pukka la et aL, 1995 (43) 

SIR (957« O) 

N 

Wirtrtberg « ai., 1??81 

SK (9531 CD 

X 

All-aites 

1.23 (0.S6-1 Jl) 

35 

:A (0.9-23) 

17 

Stomach 

1.04(0.03-^.78) 

; 

(0-613) 

0 

Colon 

132 (0.16-4.73) 

2 

10 (03-144) 

I 

Recnl 

included in colon 


included in colon 

0 

Lung 

1.61 (0.04-8A5) 

I 

{C,-6.0) 

0 

Bone 

15.1 (1.32-34.4) 

■> 

10.-922) 

0 

Mefenoma 

2.11(0.43-4.15} 

3 

3.4 (0.8-D.t) 

* 

Bre^ 

1.S7 (1.15-2^) 

20 

10 (1.0-43) 

- 

Cervix uteri 

(fW.T) 

0 

52 a%16>2) 

3 

Uterus 

(0-3.1) 

3 

I21.C (17.0-639) 

» 

Ovary 

0..^ (0.0-2.61) 

1 

11 (03-146) 

1 


0.S1 (0U1-Z36)t 

i 

(D-i5.4)J 

0 

Thyroid 

0.62 (O.CE.-^.'C) 

t 

42 {1.1-17.1) 

z 

Lymphoma 

0.91 (0:23-SCI6)§ 

1 


0 

iOl leukemias 

3.J7 (0.43-123) 

2 

(0-13.6) 

0 


§ All [yatphomas. 

■f Persoztal asmnturicadon, 0. Wartenberg, 259S. 


with the strongest finding for melanoma (RRc of 2.31). 
Correcting the single cancers for SES, the combined 
relative risks remained elevated- These findings suggest 
that more than 22% of ail cancers, 35% of melanomas 
and 26% of breast cancers may be attributable to occu¬ 
pation as flight attendant 


DISCUSSION 

A meta-analysis of six cohort studies of flight person¬ 
nel for a series of causes of death or cancer sites dem¬ 
onstrated small elevated risks for tumors of the prostate 
and brain among male pilots, for tumors of the breast 


"ABLE m. COMBINED RELATT-E RISKS fOR SELHCTcD CAL-SE3 OF MOHTAUTY A.ND CANCS INCIDENCE-FUGflT FERSONNEL 


Causa Qc 

Death/Carcer Site 

Type Study 

.V’.im5er o: 

..Studies 

R^ifcrsrces 

Fixed Effects 
Mtxlel 

RfL-’ 9S% dc* 

S£S Cotrection 

AtCnbutabie rilsic 

w-f 95% CL:* (T^revertced Fraoicn) 

Mate Pilots 

All-sites cancer 





(OGS-0.71) 



Morality 

fligtit crew SMR 

3 

731J2 

OM 


(076) 

Mortality 

Bight crew SMR 

2 

73T 

1.15 

(0.7B-1.6S) 

1.05 

(C.71-L53) Q.05 

Lui\g 

Mortoiity 

flight £3BW SMR 

3 

5,721 

079 

(029-072) 


(0.41) 

Inddtftce 

flizhi a?w SIR 

2 

X7 

325 

(045-176) 


(022) 

Melanouu (steil 

Morality 

flight orew SMil 

2 

7jl 

296 

(103-573) 

1.97 

r-02-3.S2) 0.49 

Incidence 

airiU: crew SIR 

2 - 


I.6I 

(072-3.U) 

1.07 

(055-2.10) 0,07 

ProstjlB 

Morality 

Sight osw 5MK 

2 

721 

122 

(0.77-1.92) 

1.11 

(0.70-1.75) 0.10 

Inddenoe 

flight crew SIR 

2 

S.7 

122 

(171-152) 

1-&5 

(1.19-229) 0.39 

Brain 

Morality 

flight cr«w 

3 

5.731 

1.60 

(0.99-259) 


■;0.75-2.80) 071± 

Inddeoce 

flxd^it arew SIR 

2 

47 

Z03 

(1.04-376) 

1.7*1 

(077-370) 0.431 

All leukemias 

Mortality 

flight aew SvtR 

2 

771 

073 

(027-1A9) 


(077) 

Ischonic Heart Disease 

N^caiiC7 

Si^it Crew S^•>^ 

4 

4,77172 

0.44 

(078.5350) 


(056) 

ResPLrtftOCy Diseasa 

Mortality 

Firtnale Flij^ Artendams 

flight crew- bMK 

2 

771 

022 

(0.14-075) 


(0.78) 

Ail-Slt«S ocw 

Indd«nea 

Sight aew SIR 

2 

93,3 

1.29 

(0.9B-1.70) 


022 

Melanoma (ikta) 

rrculence 

flight aew SIK 

2 


221 

(174-470) 

154 

(073-257) 0.35 

Gist oncsr 

Incidence 

flight S'ew SIK. 

2 

•S3.i 

179 

(1.40-256) 

175 

(170-173) 026 


* RRc =» combined relative risk based on a 5*ed effect model (Greenjand, 19S7). RRe*j = combined RR conected for sodal-economic status (SES). 

coirectiGn (colon 2_10; breast 1 , 40 ; tnelanom^ 1,50; pro$tfttc l-I; bnia 12Q}. 
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cai^ce: aji\ong teinaie £:gh? artendants, and for niaiig- 
nant melanoma in both, groups. The present quantita¬ 
tive review ot epidemiologic studies of fiighc perscnnei 
is affected by several limitatiocis- Due to few studies in 
each category, the resultirig combined relative risk es- 
dmates cannot be interpreted as summary measures of 
effect across studies. Our purpose, instead, was to syn¬ 
thesize the evidence from, the small niunber of avaiiabie 
flight crew studies as a background rationale for furtr^er 
research. Bias in the combined estimates of effect for 
several cancers may have occurred due to missing data. 
We requested the expected numbers for cancer sices 
with zero observed cases from all authors and the un¬ 
reported relative risks for sites with 1-2 observed cases 
in the 1990 study of Band et aL, (6) but these data were 
not always available. Some of the combinations for 
specific sites were incomplete, therefore, due to these 
problems. Another limitation is that we were ur.able to 
control for confounding factors other than 5ES. The 
major confounders that might be desirable to control for 
include diet, tobacco and ^cohol use, reproductive fac¬ 
tors and family fustory of certain cancers. 

Heterogeneity among studies was observed only for 
brain cancer. It may be of value to investigate possible 
sources of this heterogeneity. Examination of the indi¬ 
vidual studies reveals that the earlier Sand et al, study 
of pilots from one Canadian airline (6) reported relative 
risks for both brain cancer mortality and incidence that 
were much higher than those in the later study of pilots 
working tor another Canadian airline (7). The lower RR 
of the 1996 study is in line with the resijits of the British 
.Airways study for bra^fT'cancer mortality (31;. Tf.a in- 
ddenca density rats (number of cases per person-years 
of followup) for brain car.cer ir.onaiity was almost three 
times as high in the 1990 sbidy with respect to the 1996 
study. It may be either that the large number of cases 
was found by chance, or that the 19^ cohort had more 
non-QCCupadonai risk factors for brain cancer than the 
1996 cohort. The effect of this hetETOgeneit)' was small 
as correction inaeased the RK by only 9% for mortality 
and by 3% for incidence. 

Several of the excess cancers highlighted by this anal¬ 
ysis may be explained by factors other than occupa¬ 
tional exposures, such as .high sodoeconomic status, 
Flight personnel, particulariy pilots, fall into upper m- 
eome levels and enjoy the advantages of healthy life¬ 
styles and access to health care that the general popu¬ 
lation. may not They axe also subject to frequent 
medical check-ups. Early detection of tumors may re¬ 
sult in higher rates of cancer inddence at lower stages 
of cJmor development but would not likewise increase 
mortality rates (9,13). This type of detection, bias could 
explain at least in part the excess inddence with respect 
to the general population for malignant melanoma of 
the skin and cancers of the prostate and breast cancer 
among flight persortneL One study attempted to control 
for the difierences in 5E5 level and access to health care 
by comparing cancer inddence between flying UE. Air 
Force officers and non-flying officers, comparisons 
groups that by definition should be similar in most 
respecs other than flying status (25). No excess of .mel- 
anoma was found among flying officers comoared with 


r-cn-fi-^-u-.g xulicar.- 5;dc«5 of similar ranks, whersa^ 
me stardariized rt,‘we ratio was elr-'ated among piio3 
compared with, the zer.eral population. Tnis suggesa 
that corjoundmg bv 3ES and other factors may have 
been present. 

Certain ocrcpational exposures may explain in pact 
the excess can.cer seen among flight personnel. The 
effects of occupational exposure to ionizing radiation 
on developing leukemia and malignant melanoma, in 
particular, have been studied primarily among cohorts 
of nuclear industry workers. A pooled araiy sis of sever, 
cancer mortality studies of nuclear workers from three 
countries was pubiished by the International Agency 
for Research on Cancer (lARQ in 1995, with 2.12 mil¬ 
lion person-years of follow-up and cumulative dose 
exposure data, on ail subjects (14). The study demon¬ 
strated an mcreasec risk ratio of 122 for leukemia ex- 
dudeng chronic itcmphatic leukemia for a cumulative 
protracted dose of 100 mSv compared with 0 m5'.'. 
Elevated risks for prosate cancer seen in two of the 
sUidies included ix. the pooled analysis were felt to be 
due to exposure to specific radionuclides (14,46). Mel¬ 
anoma has also been associated with occupation as 
nuclear worker. An update of an earlier study of work¬ 
ers at the UE, Lawrence Livermore National Labora¬ 
tory continued to show higher incidence of maiignanc 
cutaneous melanoma among workers exposed to Ioniz¬ 
ing, radiation compared to non-exposed workers (odds 
ratio = 3,7) (3,4). Excesses of melanoma in this popula¬ 
tion have been confirmed by an. independent re-analy¬ 
sis of the original study (30). Kow-cver, studies of nu¬ 
clear workers in many other settings have .nor found 
increased mortaiiti- from malignant melanoma either 
from low dose ionizing radiation or other job-relatsd 
exposures (56). Excess brain cancer has not been noted 
among nuclear workers exposed to ionizing radiation 
(15). 

Nuclear workers may pot be a logjcai reference group 
for occupational radiation effects for flight personni 
exposed .to cosmic ionizing radiation as they do not 
comprise a group of workers with uniform, activities or 
exposures to radiation [see Table I of Cardis et al, 1995 
(14)). Furthermore, exposure to cosmic radiation is 
qualitatively different from exposure to ionizing radia¬ 
tion or radionuclides from industrial use (58). Flight 
crewmembers represent the largest population of per¬ 
sons exposed to high energy neutrons and the only 
population exposed to high energy protons (59). The 
relative biological effectiveness (RBE) of these types of 
radiation, whii±i charactteiizes thesr ability to produce a 
speafic disorder such as cancer, is 20 times greater than 
the RBE of gamma radiation for a given unit of gray (the 
amount of energy absorbed in matter as a result of 
radiation interaction} (12). A flight deck crewmember 
may receive an annual dose of cosmic radiation of from 
0.2 to 9.1 mSv (21). Measurements of cosmic radiation 
on Concorde flights, modeled to estimate annual doses, 
found that no deck crewmember exceeded 6 mSv 

' y7 (5)- These estimates represent an exposure of less 
than on^half the proposed new occupational annual 
dose limit of of 20 mSv as an annual average over 5 vr 
>'29V How 5 v=- - or* ___ ' ■ 
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annual dose of 5 mSv would vdeid a cumulative iL'eama 
dose of 120 r-Sv, grearer than that received bv ie 
nuclear workers for whom an excess of ietikemia was 
demonstrated with a cumulative lifetiir.e dose of ICC 
mSv (H). If cosmic radiation has a high btoiogicai ef¬ 
fectiveness fot provoking cancers, orte would expect to 
finct a real excess of radiation-related cancers, espedallv 
leukemia, among aircrew members. Only one of me 
pilot cohort studies found an increased nsk of myeloid 
and acute myeloid leukemia (7), thLerefore we -were 
unable to explore these sub-types in the meta-anaiysis- 
But even, if we could have, the statistical power would 
most likely have bean inadequate to higMght a small 
excess risk. 

Supporting evidence of a positive associatiori be¬ 
tween occupation as pilot and brain cancer comes from 
an occupaaonai case-control study in New Zealand that 
found an odds ratio of 1.7 (95% Q:0.6-5.G) for airiir.e 
pilots (42). It has been hypothesized that exposure to 
extremely low frequency (30—300 Hz) electric and mag¬ 
netic fields (ELF-EMPs) may be a nsk factor for brain 
cancer (49). A recent meta-analysis found a small in¬ 
creased risk of brain cancer, in particular for gliomas, 
for a broad group of workers exposed to ELF-Eh'CFs 
(33). In a nested case-control study from a cohort of U-S. 
Air Force personnel, Grayson and Lyons (26) investi¬ 
gated the association of radiation exposure and bram 
tumor risk among workers potendalLy exposed to ex¬ 
tremely low frequency and radio frequency'/micro¬ 
wave EMFs and ionizing radiation (pilots were not 
listed among the "exnose^. Exposures were measured 
irom a jOb titie-time-exodSure matrix for ELr-EMFs and 
personal dosimetr.' data for ionizing radiation; single 
and joint effects of these exposures were examined. 
Only a small increased risk was (bund for occupational 
exposure to extremely low frequency and radio fre¬ 
quency/microwave EMFs, and no incceased nsk for 
exposure to ionizing radLation was seen, while the 

« <J 

strongest risk factor was 5ES as measured by miiitar;/ 
rank. 

The major risk factors for malignant melanoma of the 
skin are non-occupational and include upper social eco¬ 
nomic status, intetinittent sun. exposure, slinbum at 
early age, and host factors related to skin color and nevl 
(1), This tumor is known to be assodated with ultravi¬ 
olet radiation (UVR), which may be also an. cccupa- 
donal exposure. However, exposure to solar UTO dur¬ 
ing commerdai flints does not seem to be a problem 
since die materials used in aiiuraft windshields and side 
windows should offer complete protection from, solar 
radiation, and peisonal and flight deck measurements 
of UVR reveal only minimal exposure at high cruise 
altitudes—far less than that received by outdoor and 
occupationally exposed indoor workers (17fr7). The 
role of ionizing radiation as an occupatLonai risk factor 
for melanoma among aircrew members cannot be ex¬ 
cluded given epida^ologjcai and experimental evi¬ 
dence of a caus^ role (4,45)- Positive associations be¬ 
tween occupation as pilot and melanoma have also 
been seen in two occupational cancer studies. A case- 
contro! analysis of cancer registry data in Los Angeles 
Gountv. Ga.. found m, elevx^ed — 


nlicts IRR = 1.6 (93^;) C: O.S-3.2')} (24). From a study • 

combining rumor registr/ data m Sweden and in E.n- • 

gland and Wales, airline pilots had the highest relative 
risk of all occupazoris (RR = 2.73 (95% Q; 1.13-538)] 

;54)- It was hypothesized by the authors of this last j 

stiudv that flight oersonnei perhaps have more Oppor- : 

runity than chose of odier ocrapations for non-occupa¬ 
tional sun exposure. r 

There are well-established non-occupational risk ac- j 

tors for breast cancer such as age at first birth, nullipar¬ 
ity, higher family income and amily history. These 
factors may account for up to one-half of aU female 
breast cancer cases (37) and are likely to be assodated 
iihth cecupation as flight attendant. To control for these - 

factors in the meta-analysis, we used a correction factor f 

for 5S5 but we cannot be sure that this adequately ! 

controUed for SES or reproductive factors assodated : 

with SES in die case of breast cancer. Environmental or ! 

occupationai etiology of female breast cancer must be 
seriously considered given that the cause for 50% of 
incident breast cancers is unknown (Z3), Increased risk 
of breast cancer among flight attendants has been found 
as weii as in Denmark where the RR for Danish female 
flight attendants with respect to all working women 
was 1.61 (0.9-2.7), higher than the RR for ail women in 
sodai class I (1.40) (36). The breast is a known radio- ( 

sensitive organ and elevated rates of breast cancer have 
been- demonstrated among atomic bomb survivors •; 
(greatest among women exposed before age 20) and 
among woman receiving radiation therapy for various 
medical reasons (12). .Another hypothesized risk factor 
for breast cancer Is exposure to organochiorine pesri- - 

ddes (60), pertinent to Right attendants who in past 1 

decades have been exposed to maruiatory spraying of { 
the aircraft cabin on arrival in certain countries. I 

Wartenberg and Stapleton used a self-teporied number j 
of flights on which pestiddes were sprayed to evaluate 
risk of breast cancer, finding an OR of 2.2 (95% CL 
1-04-10.9) for Sight attendants with higher than the 
median number of "exposed" flights (55). Another pos¬ 
sible risk factor for breast cancer among flight atten- | 
danfcs arises from the disruption of arcadian rhythms i 

due to flying across time zones. Melatonin may have a j 

protective efrect against cancer development, espedaliy i 

in hoimone-dependent tumors (53), and disruptions in 
sleep-waking cydes may lead to an increase in cancer 
risk by suppressing melatonin secretion (3S). An epide- 
miolo^c study of totally blind and severely visually 
impaired persons found reduced cancer inddence for 
breast and prostate among the totally blind compared 
with a standard population, but not among the partially 
blind, suggesting that only the total absence of light 
results in a free-running melatonin cyde, and thus pro 
tsets against cancer (20). According to some researchers, 

HMF exposure might increase risk of breast cancer by 
causing alterations in nomial pineal function (53), al¬ 
though there is no direct evidence of this. Several epi¬ 
demiologic studies have found small increases in breast 
cancer risk among woman with occupational or envi¬ 
ronmental EMF exposures (1935). i 

A record linkage study that examined occupatior. i 
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cess inddence for airiine pdots [KR or 12 'rS’o Cl 
3.3-4-S)] (Ksing A, Personal conununicadon, l998-‘:- 
Tne consistent excess oi prostate cancer amon^ pilots is 
more difficult to relate to possible occupadonal factors. 
As mentioned earlier, exposure to speanc racicnu- 
didas have been showr> to be assodat&d with prostadc 
tumors in nudear workers (46), but this is nor applica¬ 
ble to pilots. An Occupational assodadon for tumors or 
the prostate has been found with exposure to liquid fuel 
coaibusdon products (2) but a mortalinv and cancer 
inddence snidy of irjlitary workers exposed to aircraft 
fuel failed to find an assodation with this exposure and 
any maJignancy induding prostate tumors (51)- 
The data used in our meta-analysts came from compar¬ 
isons of flight peisonxiei with standard populations, and 
did not take into account spedfic occuoafional hazards. 
While the increased cancer risks found here may be ex¬ 
plained by wdl-icnown nsk factors, they may also be due 
to uTiffieskSCcred occupafaonal exposures spedfic to flight 
personnel Several of the studies included in this review 
have attempted to compare cancer risk within the cohorts 
by occupational factors. Tne mortality study by Irvine and 
Davies categorized pilots and flight engineeis by proxies 
of exposure intensity using as the measure "longhaul" or 
"shorthaul" to refled the most common types of routes 
flown during a dying career (31). They found several 
small increases in cancer mortality among pilots habitu¬ 
ally flyiitg short haul routes [all causes RP. = 1.22 (95% G; 

: Q3-L45); all cancer RR = 1.10 (95% Q O.Sl-1.49); brain 
and CN5 cancer RR = 127 (95% Q; 0.49-3.90)1. Only 
lymphatic and hemotopoiedc tissue can.cers showed a 
defidt fRR = 0.69 (93’/<> G0,23-i.74}I among shorthaul 
pilots compared to those qjlffirlY flying longhad routes 
whose exposure to cosmic radiation would be greater. 
Wartenberg used number of flights flown as a proxy for 
cosmic radiatlOTi when analyzing the risk of breast cancer 
among flight attendants and found a smail defiat of breast 
cancer by an increasing number of flights (55). Future 
sTudies that compare cancer risk by work history (for 
example, flight hours, duration of employmoit, routes 
flown, levels of exposure to cosmic radiation), that take 
into account cancer characteristics (for exampi^ subtypes 
of ieukania, tumor latency and diagnosis by age or time 
periods) and that adequatjely control for confbundir^ 
variables, will do a great service toward idmtifying work¬ 
place risk factors toat are potmtialiy amenable to preven¬ 
tive measures. It is of importance both to flight personnel 
and to frequent flyers to detemnine if their li^ of cancer d 
elevated from the potentially hrumful effects of inruizing 
radiation in the form of oosmic rays and whether current 
Occupational standards provide suffidait protection. To 
address these issues, a European multi-center retrospec¬ 
tive cohort itudy of cancer risk among flight personnel is 
underway that wiH estimate exposure to cosmic radiation 
and othe potential carcinog^ for individual cohort 
members and wiE assess cancer risk by levels of the var¬ 
ious exposures ewer time with sufficient power to detect 
■mail excesses (11). 
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